To date, there are 83 serologically defined pneumococcal capsular polysaccharide types, many of which are serologically related (19, 26, 27 ; E. Lund and J. Henrichsen, Methods Microbiol., in press). Two nomenclatures evolved, based upon the use of absorbed rabbit typing antisera by means of the quellung reaction, to classify related pneumococcal types (4, 19, 26; Lund and Henrichsen, in press). The Danish system sought to combine closely related types into groups; types within a group were assigned the same number followed by different letters (19, 31) . In the Danish system, each type was also assigned an antigenic formula based upon cross-absorption tests with "factor" sera. These factor sera, prepared by absorption with crossreacting organisms, were used to differentiate cross-reacting types within groups. In the U.S. system, each type was chronologically assigned a number in order of their recognition, i.e., the latest detected types carry the highest numbers (13, 14) .
Recently, a U.S. government license was awarded for the manufacture and sale of a pneumococcal vaccine composed of 14 capsular polysaccharides (39; W. Vann, M. Robinson, J. Powell, C.-J. Lee, R. Austrian, and J. B. Robbins, manuscript in preparation). The choice of capsular types for this vaccine was based upon surveys of types among pneumococcal disease isolates (1, 6, 7, 15, 18, 32, 38; Lund and Henrichsen, in press ). Most of these surveys utilized typing antisera from the Statens Seruminstitut (SSI) that do not distinguish among the crossreactive types within each group. Accordingly, the distribution of these disease isolates within cross-reactive groups has not been extensively studied.
Unabsorbed antisera prepared with any type of the 19 group will yield a quellung reaction with all the Danish group 19 types: 19F, 19A, 19B, and 19C (equivalent to U.S. types 19, 57, 58, and 59, respectively) (13, 14, 19, 31) . [Pneumococcal capsular types will be referred to by the two nomenclatures by first depicting the Danish and then the U.S. system, e.g., 19F (19) .] Two unpublished studies indicate that types 19F (19) and 19A(57) account for almost all of the group 19 pneumococcal illnesses in the U.S. and Denmark (R. Austrian and J. Henrichsen, unpublished data). Because of its predominance among disease isolates in the U.S., type 19F (19) was initially chosen for vaccine production (19) ] and from the reference collection prepared by Bernice Eddy at the Bureau of Biologics [19A(57)]. The capsular types of the strains used for production were confirmed by quellung reactions with factor antisera from the SSI by Robert Austrian, University of Pennsylvania. The organisms were grown in a 175-liter fermentor inoculated by a 10-liter growth from the original seed culture. During the 8-h fermentation, the temperature was 37°C, the pH was monitored to 7.0 to 7.4, and glucose was added in excess. The polysaccharides were extracted by fractional precipitation with organic solvents and treatment with trypsin and deoxyribonuclease (44) . Polysaccharides were stored at 3 to 80C in a vacuum desiccator.
Rabbit typing antisera. Antisera were prepared by repeated intravenous injection of Formalin-treated strains of type 19F (19) (19) . No sialic or uronic acid was detected in either polysaccharide.
Immunodiffusion. Figure 1 shows the immunodiffusion reactions of the two polysaccharides with SSI and NYSPHL typing antisera. The 19F (19) Precipitation analysis. Mass spectrometry. The hydrolysis and methanolysis products of type 19F(19) polysaccharide were converted into their trimethylsilyl derivatives for GC-mass spectrometry studies. The mass spectra of methanolysis product indicated a deoxyhexose, 1-0-methyl hexopyranoside, hexosamine, N-acetylhexosamine, hexose phosphate, and a disaccharide.
GC. The retention times ofthe peaks observed in a representative GC of the methanolysis-Trisil reaction mixture (Fig. 2) , identified as rhamnose, 1-0-methylglucopyranoside, N-acetylmannosamine, glucose-6-phosphate, and trehalose. Methanolysis was also done varying the hydrolysis time, temperature, and acid strength. Analysis of these reaction mixtures produced similar results, indicating that type 19F (19) drolysis products from 1 to 3 N aqueous HC1 revealed the presence of the same sugars. Similarly, the hydrolysate obtained with 2 N methane sulfonic acid was found to contain the same sugars, but the disaccharide was present in larger amounts in comparison with the monosaccharides.
Liquid chromatography. Analysis of the 2 N aqueous HOl hydrolysate (Fig. 3) revealed the presence of rhamnose and glucose but no disaccharide. Trehalose could not be detected by this method because it is not a reducing saccharide.
The type 19 polysaccharide hydrolysis product from 2 N methane sulfonic acid was also analyzed for hexosamine, as illustrated in Fig. 4 , with the amino acid analyzer. The maximum amount of hexosamine was detected when the hydrolysis was stopped at 5 to 6 h. No glucosamine was detected in the product. This peak could be either mannosamine or galactosamine.
Because the retention time of the hexosamine peak observed in the GC was in agreement with that of mannosamine, it would be reasonable to conclude that mannosamine is the hexosamine. Quantitative determination of rhamnose and glucose by colorimetric assay and mannosamine by the amino acid analyzer provided an additional method for calculation of their molar ratios. In this fashion the pneumococcal polysaccharide type 19F (19) was found to contain rhamnose, glucose, and N-acetylmannosamine. On the basis of these data, we estimate their ratio to be 4:2:1, respectively. Similar investigations with type 19A(57) polysaccharide indicated its composition to be approximately rhamnose (3 mol), fucose (2 mol), glucose (2 mol), galactose (2 mol), N-acetylmannosamine (1 mol), and Nacetylglucosamine (1 mol) ( Table 1 ). The liquid chromatogram (Fig. 3) showed the rhamnose and fucose to be present in 2:1 ratio. The individual percentages of these deoxyhexoses were calculated from the value of the total methyl- 19 is consistent with the "antigenic formulas" proposed by M0rch (26, 31; Lund and Henrichsen, in press ). From the earlier data and that described in this report, it is evident that pneumococcal types 19F (19) and 19A(57) are cross-antigenic, cross-immunogenic, and serologically similar.
Because of the complexity of types 19F (19) and 19A(57) polysaccharides and uncontrollable anomerization of sugars after their hydrolysis, their composition was studied by more than one method. The mass spectra of the products enabled us to classify the sugars present in these polysaccharides, i.e., pentose, deoxyhexose, hexose, hexosamine, or disaccharide, etc. The GCs were utilized to identify the specific sugars. After such an identification, the mass spectra of the products were compared with the spectra of the authentic sugar samples. The liquid chromatographic techniques were used to reassess the identity of the monosaccharide units. Quantitative evaluation of the ratio of these monosaccharides utilized colorimetric techniques and amino acid analyzer method. Both 19F (19) and 19A(57) contain rhamnose, glucose and N-acetylmannosamine. In addition to three shared monosaccharides, type 19A(57) contains fucose, galactose, and N-acetylglucosamine. The demonstration of both hexose phosphate and trehalose in the hydrolysis products of each type suggests there are some shared identical linkages.
After alkaline hydrolysis and akaline phosphatase digestion, Baddiley et al. were able to demonstrate a phosphodiester bond and isolation of the repeating subunit of pneumococcal types 29 and 1OA(34) (41, 42) . This method seems useful for study of phosphorylated capsular polysaccharides, and studies with the group 19 polysaccharide are underway. Miyazaki et al. reported pneumococcal "type 19" polysaccharide contained rhamnose, glucose, N-acetylmannosamine, and phosphate in the molar ratio of 2:1:1:1 (21, 30) . However, the type of the group 19 strain was not mentioned.
It is not yet clear whether glucose-6-phosphate and trehalose were formed by the cleavage of the glycosidic linkages or by the recombination of the glucose, formed during hydrolysis, with the other components under the experimental conditions. We plan further investigation with nuclear magnetic resonance analysis of the intact polysaccharide and of its fragments prepared by more 
